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Major Themes:

Table 2-1. Solar Technologies and their Applicability to Various Market Sectors

*Natio

eExisti

eExisti

Distributed Energy Central Generation | Fuels and Chemicals
Building-Integrated | Ground-Mounted | Off-Grid

One-Sun o @ @ @ L
i Concentrating ® ® @ &

Dishes [ ] ® @ [

Towers ® &
E Troughs ® & ® & ®
&£ | One-Sun Thermal @ i ]

Air? @

Passive Solar® &

Hybrid Lighting ®

3DOE Solar Energy Technalogy Program does nat conduct research in thermal air and passive sofar collectors, and these technologies are not
discussed further in this plan.

® Electrical Generation ® Thermal e Solar Lighting e Transportation

*Solar Systems Descriptions and Kequirements

1337518
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What is the Systems Driven Approach?

Definition:

All technical targets for R&D on the components and systems
funded through the Solar Energy Technology Program are derived
from a common market perspective and national energy goals, and
the resultant technologies are tested and validated in the context of
established criteria for each market.
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Solar-Systems Markets

« Utility-scale « Buildings -« Distributed -« Off-grid

Systems-Driven Approach

Technical Target Development

Benchmarking and Validation

[
Market-Based Requirements Data Collection and Validation
Photovoltaics Conoentragmegr Solar Heating and Lightin Advanced Concepts
o LFechnteal T arget Develop! tes
- Flat-Plate N &rabohcj'lfoughs ’ ater and Space Heating ey r
Silico « Solar-field technologies » Passive solar-water heating Future Generation PV
fﬁl'"-f @1 T Sys ChiArie-energy storage « Active solar-water heating Advanced Building
performance modules * Power-plant optimization » Combined heating and cooling | Integrated Concepts
» Systems integration » Analysis and integration * Cooling Advanced Solar
* Balance of system Power Towers Hybrid Lighting Conversion
— Concentrating PV * Heliostat R&D » Collector
+ CPV cell R&D + Power-plant optimization » Fiber optics
Ana ﬂr d
- Benehiparking=-aireation, gydemmalysis Updates
ih Stirl ing
» Systems analysis + Systems

» Performance and reliability
» Advanced component R&D
» Deployment

Fundamental R&D

03387523
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Table 3-1. Tasks for Systems-Driven Approach Development and Implementation

Title Barriers

5}‘919"’15 Model Development

Standardization of assumptions and requirements E.D
» Develop standard technology cenfigurations

» Develop technology benchmark input requirements

» Develop standard financial/feconomic assumptions for baseline configurations

Identification of analysis capabilities and gaps A
« Identify existing program/technology analysis capabilities
» |dentify existing or recommend development of new market-based systems
models
« |dentify solar resource data requirements necessary to support SDA systems-
analysis efforts

Development of Sclar “ADVISOR"” model A
» Select candidate market(s) for near-term development of analysis tool
« Develop analysis tools for remaining markets identified in the Solar Program

Multi-Year Technical Plan.

» Develop integrated Solar "ADVISOR" model based on integration of market-
based tools
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General Outline
1.0 Technology Systems Status

2.0 Technology and Component Goals and Objectives
3.0 Key Technical Challenges

4.0 Technical Barriers

5.0 Technical Approach and Tasks

6.0 Schedule and Milestones
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PV Terminology
Cells Modules Arrays System*

*Includes storage, voltage regulation, inverters, etc.

Simple DC System Line Tie or Utility Interface

PV modules PV modules

.ty .ty
.| o -l

DC interface / [ |
and regulation Inverter

TTTR: R
I:I|_|I:I I:I|_|I:I

Battery bank

03387503
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Goals:

Assist industry in developing PV systems that can provide
quality performance and reliability at acceptable costs to
the consumers.

Acceptable costs are determined by a number of factors
and will be fine-tuned as part of the continuing analysis,
target setting, and validation conducted within the context
of the ongoing systems-driven approach.
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Table 4.1.1-2. Targets for Flat-Plate PV Systems in Residential Applications

Tasks for Flat Plate PV Modules -3«kwdBasksdarFlat Plate PV Systems and

1 Basic SciefS¥gtem Element Units Bajamce of Sypstems 2525
Design /W S 0.25 A Ul.'lﬁ . 0.10
: le Price C S yst@ims Angl¥s1S 1.00-1.50
2. Crystalline'STHEOHT gell and device g ™00 5 gar g
Improvementsconversion efficiency % 8. System Benchmarking-and
Direct cost/area $fr‘r‘|2 Vaffﬂation 15 50-100
3. CrystallineStheoniceanodule $/ Wy 1.10 0.50 0.30
. . i i o
improvemenf§ AC conversion efficiency *9. PV %ystem P& formange and
Keplacement Years St 9 d 10 20
. . Other BQS /W, angdards .60 0.40
4. Thin Films, %Qﬂﬁ}gh Performance: ;- 7 as oo 050
materials andderaosvsnpeorementssw, 0. BYsBeshnolagy Adepdion
Systemn Efficiency % 11.5 14 16
5.  Thin Films: mtedele improvements vead 1. Inverter Testmg and Industry
Degradation YelYr Suéﬁort 1-2 1
6. Modules: ceeMswstting activities — Skwhy b8 0.02 0.005
2510

LEVELIZED ENERGY COST SikwW g 49" 1 z 0.8-0.1 el e

——— . 1tiative
ansiderations:

LEC is cost to consumer.

2003 numbers taken from example of Figure 4.1.1-3.

LEC is dependent on solar resource (2000 Ic'l.l‘leZ)‘,l ésurr@hgr@]rter R&D 5 'year Plan

2003 data assume retrofit market, 2007 and 2020 are for new construction.

Q&M primarily based on one inverter replacement every, 5 yvegrgfor 2003 figuees, avery 1 rs for 2041 o 2020

fgures. 4> *Charge Controller and Battery

*The ranges reflect the variability in caleulations including various incenlives and financing assumptions. LECs hawe
been reported previously for year 2000 with incentives includ{mpr()vements
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Fresnel lens

Cross saction

Heat spreader L ’ :E
P . Solar cell
Solar cell receiver —" %

Figure 4.1.2-3. Schematic of a linear-focus Figure 4.1.2-4. Schematic of a point-focus
Fresnel lens concentrator PV system. dish concentrator PV system.

Solar cell R =

03387510
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Goals:

Develop viable concentrator photovoltaic technologies for
application 1n a wide range of electrical markets, particularly
for the distributed generation and larger bulk electric utility
markets.

The target electricity cost 1s 4 to 6 cents/kWh by 2020.
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Table 4.1.2-1. Technical Targets for CPV Technologies

System Element Units f:g: eline) 2007 2025
Solar resource kWh/m“yr 2400 2400 2400
Plant size MW 1 10 80
(Production) solar cell efficiency % 23 33 40
Optical efficiency % a0 85 90
Cell cost per cell area $/cm? 2 (silicon) 3 (IlI-V) 1.50 (I1-V)
System efficiency % 15 22 33
Capacity factor % 32 32 32
CPV module cost $/m? 160 90 80
Tracking cost $/m? 70 35 25
Power-related balance-of-systems $M§, 06 0.3 0.15
Area-related BOS other than land &/m 140 70 50
Indirect costs (% added to all above

costs, not including land, to account

for marketing and other indirect costs) % 20 15 10
Annual O&M costs $/kWh-yr 02 01 .005
Total capital cost per AC W, $/W, 9.00 5.0 1.0

Tasks for CPV Technology R&D

1. CPV Cell Research and Development

2. CPV Receiver Research and Development
3. CPV Module Research and Development
4

System Analysis
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Q33ETHE

Sunlight
2.7 MWh/m2fyr
System boundary :_,r;,
Substation
Solar field
Solar Steam turbine
HTF preheater |
:i ; 1_1 i mmer . |
[ Lol el (optone
7 4 E Fuel "1 L
o Thermal
-,E energy
: (optional)
T '-'1' :’J'
Low pressure
1 B eaerator | Preheater
| T Solar
preheater
= Expansion
vessel
Figure 4.2-1. Schematic of a parabolic-trough system.
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Goals:
Troughs

* Develop parabolic-trough power plant technologies capable of
competing on a cost competitive basis with conventional fossil power
technologies as dispatchable intermediate load generation in the
wholesale bulk-power market (levelized energy cost [LEC] $0.04 to
$0.06/kWh).

Towers

* Develop power tower technologies that will be cost competitive with
conventional fossil power technologies as dispatchable intermediate-

to-baseload generation in the wholesale bulk power market ($0.04—
$0.06¢/kWh).

Dishes

 Develop dish-Stirling systems capable of competing in niche areas of
distributed generation (short-term competition is diesel generators),
grid support, remote and village power markets. Ultimately, bulk-
power generation may be a market for these systems.
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Tasks for Parahalic Tranah , Tasks for Dish-Engine/ Converter
Table 4.2-1. Technical Targats: Parabolic Trough Power

(Solar-only operation at premilfeohnie ogy R&D
Table 4.2-2. Technical Targets: Power Tower

1. B 1 Porforn Sxictaonmo Analszos

fal
L. 1 VIIUVUILILIL LJJ OIVILIO £ LLL“LJ [ B ¥

Table 4.2-3. Technical Targets: Dishes
2 Improve S alnaaryearormance and

2. Plant Characteristics Units 2003, 2007 2025
Solar Resource: Daggett, CA KWhimZyr INCITGEHFTLY 2800 2800
Solar Collector
3. Solar Aperture Area % Devefdp and Test Advarifed
Projected Glass Area mz 8 88 85
Reflectivity Comg)@nents 0.94 0.95
Intercept Factor ) 95 0.97 0.99
Concentrator Weight Ka/ 75 65 30
o e o it %" Promote/Suppott Deployment by
Receiver Type DIR ADV*
Tasks Regeiver Efficiency Indu% 0.90 095
Engine Type KSE KSE ADV
Engine Efficiency 0.32 0.35 0.42 —_
1 System Performance Parameters
. Capacity Factor
Annual Solar Energy Production kWhrs/m? 575 B27 75H4
2- S Annual Total Energy Production KWhrs/m? 675 B27 1095
Annual Solar Efficiency Net 0.20 0.23 0.26
3. P Annual Capacity Factor 0.24 0.24 0.50
Levelized Energy Cost SIKWhr 0.40 0.20 0.06
Considerations:

Hybrid receiver in 2025. —_—
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Photo of HSL laberatory being
illuminated by distributed
sunlight (left) and standard
fluorescent lamps (right)

Basic

Prototype HSL collector
mounted on ORNL's NTRC
__building

T CIT oo - T v -
o
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Goals:

* Develop low-cost passive solar water heaters for warm
climates that will be cost-competitive with conventional
technologies, with levelized energy cost (LEC) of 4-
6¢/kWh. This represents a 25%—50% reduction.

* Develop low-cost active solar systems for solar water
heating in cold climates and for combined building heating
and cooling that have LEC of 6¢/kWh. This represents a

50%— 70% cost reduction, depending on application.

* Develop a low-cost hybrid solar lighting system that has
LEC of 12¢/kWh, a reduction of 70% from the current cost
estimate of the first system.
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L Tem OF

Tasks for Rassive Solar Water Heat Fasks fo; brid Sc ighting
— SW Htr
for W ﬁ?“l’ﬁ Climatédsble 4.3-3 Technical Targets — Hybrid Solar Lighting ]
Syster 1. ollector
-1 Coll -
1. Dura[bﬂﬁ% Characteristics . 2{1]931 statu{s\ . 2007 goal
Buill _ _ . L' IUCL UUWPLICS
I Energy displacement efficiency 52%—250% T0%—=315%
2. Bulldhngl@lo es
Tote | Projected installed $/W, 3.| Balance|of Sysiem
3. Manytaghpring,, : T :
ch gm;ected payback period (Sun Belt) 4 gg,%i,n nte g’rﬁﬁr&n af (ﬂ Analy81s
Tasks for] Active| €Cotd°Cliitiate-Water $20,000 $5,000
Heatingsand| Active Sokaymas $0.41/kWh 50.12/kWh
Combined H[gﬁ?ﬂg and CGeolingoector | . 2 000/
Bale
1. Collektost: Delivered lumens/m*” collector area 40,000 lum 50,000 lum
Mar Projected cost of delivered lumens $0.16/lum, $0.035/lum,
2. Storapeosh | (peak) |
E ?': Mote: Energy diﬁ_placement efficieancy is the amount of electrical power displaced per unit incidant
3 Balanceco_,}:.s%;gfg OEAVBIDIR. e s et semer et <o e v e ren s 38,
at tilt of (B&t-157).
d: Glazed system: space heating and DHW only, no cooling.
: £ with space heating, DHW, and space cooling (radiative/convective heat rejection at night), ~8% nst
4 : SyStem Egﬁ‘%gmmream to 8% mlamunt far the cooling 5aluings. | |

f: Marketing cost taken as 25% of builder cost for SWH, and 15% of cost for space htgiclg system.
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Beyond the Horizon and Advanced Solar Conversion:

Future Generation —Solar-Thermal Hydrogen
Photovoltaics: —Direct Conversion
— Organic Solar Cells —Thermochemical Transport and
— Dye-Sensitized Solar Cells Storage

— Nanotechnology Solar Cells
— Third-Generation Technology

Advanced Building Integrated
Concepts:

— AC Building Block

— PV/Thermal Hybrid

***None of these activities are presently along any of the Program's critical
paths.
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* Overall Metric 1s Levelized cost of energy
(LCOE)

* Long-Term goals

— Photovoltaics @ $0.06/kWh ($1/watt)

— Concentrating Solar Power @ $0.04-0.06/kWh
(50% capacity factor)

— Solar Hot Water @ $0.04-0.06/kWh ($1,300.00
installed)
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